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Abstract
Objective—To investigate whether oral self-care function mediates the associations between 
cognitive impairment and caries severity in community-dwelling older adults.
Background—Cognitive impairment significantly affects activities of daily living and 
compromises oral health, systemic health and quality of life in older adults. However, the 
associations among cognitive impairment, oral self-care capacity and caries severity remain 
unclear. This increases difficulty in developing effective interventions for cognitively impaired 
patients.
Materials and methods—Medical, dental, cognitive and functional assessments were 
abstracted from the dental records of 600 community-dwelling elderly. 230 participants were 
selected using propensity score matching and categorised into normal, cognitive impairment but 
no dementia (CIND) and dementia groups based on their cognitive status and a diagnosis of 
dementia. Multivariable regressions were developed to examine the mediating effect of oral self-
care function on the association between cognitive status and number of caries or retained roots.
Results—Cognitive impairment, oral self-care function and dental caries severity were 
intercorrelated. Multivariable analysis showed that without adjusting for oral self-care capacity, 
cognition was significantly associated with the number of caries or retained roots (p = 0.003). 
However, the association was not significant when oral self-care capacity was adjusted (p = 
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0.125). In contrast, individuals with impaired oral self-care capacity had a greater risk of having a 
caries or retained root (RR = 1.67, 95% CI 1.15, 2.44).
Conclusion—Oral care capacity mediates the association between cognition and dental caries 
severity in community-dwelling older adults.
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Introduction
Cognitive impairment is a serious public health issue affecting 8.8 million (35%) Americans 
aged 71 and older1,2 and significantly compromising oral health, systemic health and quality 
of life in older adults. It refers to the loss of higher level reasoning, memory loss, learning 
disabilities, attention deficits, decreased intelligence, and other reductions in mental 
functions. Many factors, including dementia, adverse effects from medications, trauma, 
infections, metabolic disturbances, and psychiatric illness, may contribute to cognitive 
impairment in older adults3-7. Among the etiological factors, dementia, a neurodegenerative 
disorder usually occurring in late life, is the most common cause of cognitive impairment3. 
Dementia is highly prevalent in older adults, affecting 13.9% of Americans aged 71 and 
older1. It compromises a patient's capacity to perform daily functions, increases disability9, 
and leads to increased health care costs10,11, all of which have a wide-ranging impact on 
individuals, families and healthcare systems.
As one of the most noticeable sequelae of dementia, functional impairment is highly 
prevalent in cognitively-impaired older adults12-14. It is also an essential component of 
diagnostic criteria for Alzheimer's disease and other dementing illnesses8,15. Declined 
cognitive function not only impairs an individual's capacity for instrumental activities of 
daily living (IADLs), but also affects basic activities of daily living (ADLs) including 
feeding, toileting, bathing, grooming, ambulating, and dressing12-14. Agüero-Torres et al. 
found that demented subjects had a greater disability prevalence on all specific IADLs and 
ADLs items than cognitively impaired subjects who, in turn, had greater disability than non-
demented subjects14. Cognitive impairment also compromises dentally-related functions. 
Demented patients with attention deficit are highly distractible and may have difficulty 
staying on track long enough to complete oral hygiene care. Individuals with impaired 
prospective memory may have difficulty in remembering removing and cleaning dentures at 
bedtime. Functional impairment not only affects quality of life16 and increases caregiver's 
burden16-19, but it also increases risk for long-term care placement17,20 and death21 in the 
elderly population.
Evidence suggests that cognition, function and oral health may be intercorrelated. Although 
their cognitive impairment has not yet met the diagnostic criteria of dementia, individuals 
with mild cognitive impairment have poorer oral hygiene, a high score of gingivitis and 
more decayed root surfaces than those with intact cognition22. Compared to those without 
dementia, community-dwelling older adults with cognitive impairment experienced more 
coronal and root caries, had more missing teeth and a higher proportion of periodontitis 
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sites, were less likely to use dentures, and had a greater prevalence of denture-related soft 
tissue lesions23-25. Annual caries increment was also higher in those with dementia26, 27. 
While oral health is associated with cognitive impairment, it is also correlated with daily 
function28-30. Functional capacity is the most predictive factor for dental health in older 
adults after adjusting for chronic medical conditions and other factors28. Older adults with 
functional limitation not only have a significantly higher risk of root caries30, they are also 
less likely to use dental services than those without functional limitation29. These findings 
indicate that poor oral health is a serious issue in older adults with cognitive and functional 
impairment. Effective measures need to be taken to prevent and manage oral diseases and 
their subsequent impacts on systemic health and quality of life in these vulnerable 
individuals.
While multiple studies have been conducted to compare oral health in community-dwelling 
older adults with different cognitive and functional statuses24-31, how cognitive function, 
oral hygiene care capacity and dental caries severity correlate to each other remains unclear. 
A better understanding of the roles of cognitive impairment and functional disability in 
dental caries severity in older adults can help dental professionals better address their oral 
health needs, develop patient-specific, effective strategies to prevent and manage dental 
caries, and therefore improve clinical outcome and quality of care for this challenging 
population. For this reason, we conducted this study to explore the association between 
cognitive function, capacity to perform oral hygiene and caries severity in community-
dwelling older adults. We hypothesized that as a result of cognitive impairment, loss of oral 
self-care function mediates the relation between cognitive impairment and dental caries 
severity in cognitively-impaired patients.
Material and Methods
The present study was a cross-sectional study based on pre-existing dental records. The 
University of North Carolina Institutional Review Board approved the research protocol.
Study clinic and study population
The study clinic was a non-profit community-based geriatric dental clinic jointly operated 
by the University of Minnesota School of Dentistry and the Amherst H. Wilder Foundation 
in St. Paul, Minnesota, USA. During the study period (10/23/1999-12/31/2006), 1626 older 
adults received dental care as new patients in the study clinic. Among them, 600 were 
community-dwelling. These patients consisted of the study population of the present study 
and were all included in the analysis.
Data collection
All the study data were originally collected for the purpose of patient care during the new 
patient exam, which included comprehensive review of medical history and medications, 
oral examination and cognitive and functional assessments. During the present study, these 
data were abstracted from dental records for the analysis.
The medical history of all 600 community-dwelling patients was reviewed and abstracted 
from their dental records during the present study.. For patients from group homes or an 
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adult daycare program, their medical history was directly transferred from medical records 
provided by the group homes or the adult daycare program. For community-dwelling 
patients, their medical history was collected using a structured questionnaire during the new 
patient exams. This information was provided by patients or reliable family members when 
patients were cognitively impaired or functionally dependent.
The outcome of interest was dental caries severity (e.g., number of carious teeth, including 
decayed retained roots). Caries assessment was completed for all the patients when they first 
presented to the clinic. Full mouth radiographs were also taken for the purpose of diagnosis 
and treatment planning. During the present study, we reviewed patients' dental records and 
radiographs. Based on dental clinical chartings and radiographs, carious teeth and decayed 
retained roots were identified from dental records. The following oral health measures were 
also reviewed and recorded as covariates: 1) number of teeth; 2) number of teeth with 
restorations; 3) oral hygiene and gingival inflammation and 4) use of a removable dental 
prosthesis.
The exposures, cognitive and functional status, were also abstracted from dental records. 
Cognitive and functional assessments were completed when patients first arrived to the 
clinic. As part of the comprehensive new patient exam, dentists assessed patients' cognition 
from three different aspects: memory, orientation and judgment using a set of subjective 
approaches that are commonly used in geriatric dental practice33, including 1) administering 
part of the MMSE; 2) asking caregiver about the cognitive status of the patients; 3) assessing 
cognitive status through verbal communication; and 4) asking the patient to repeat and/or 
demonstrate clinical instructions. Based on cognitive assessments, we categorized patients 
into four categories, not impaired, questionable, slightly impaired, moderately/severely 
impaired.
During the new patient exam, the dental providers in the study clinic also used a set of 
subjective and objective approaches collectively to assess capacity to perform oral hygiene. 
Based on the caregiver's assessment (cognitively-impaired patients only), cognitive status, 
range of motion of the upper extremity and manual dexterity, oral hygiene at arrival and 
level of cooperation, dentists classified patients' oral self-care function into the following 
groups: self-sufficient, needs supervision or assistance, and won't cooperate.
Other covariates such as medications, physical mobility, disruptive behaviors, cooperation 
for dental care and language impairment were also abstracted from dental records. 
Sociodemographics (e.g., age, gender, dental insurance coverage) were abstracted from the 
clinical information system used in the study clinic.
Selection of study participants
Based on medical history and cognitive assessment available in dental records, the 600 
community-dwelling patients were categorized into three groups: 492 without cognitive 
impairment (normal group); 57 with cognitive impairment but no dementia (CIND group); 
and 51 with dementia (dementia group). Individuals with dementia were identified based on 
medical history. Individuals were considered to have dementia if they had the International 
Classification of Diseases, 9th Revision, codes of 290. ×, 294.1, or 331.233 or a diagnosis of 
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Alzheimer's disease, other types of dementia or chronic brain syndrome. The review of 
medical records also found that most patients with cognitive impairment but without 
dementia had a history of stroke, psychiatric illnesses (e.g., Schizophrenia) or developmental 
disorders (e.g., Down syndrome).
Preliminary analysis showed a large variation in the baseline characteristics among the three 
groups. To address the large differences in sample size and baseline characteristics among 
the study population, the propensity score matching (PSM) method was used34,35. The PSM 
has been widely used in clinical research to address selection bias and is appropriate for 
situations in which the group of interest differs substantially from the control group. 
Selecting a subset of the control group similar to the group of interest is difficult because 
subjects must be compared on many baseline characteristics. The crucial difference of PSM 
from conventional matching is that PSM matches subjects in the study group to one or more 
subjects in the control group based on a propensity score rather than multiple variables. 
Propensities were the log proportional odds of a specific cognitive status given the selected 
baseline characteristics (e.g., age, gender, number of medical conditions, Sum of 
Anticholinergic Drug Scale (ADS)36 scores of current medications and physical mobility) 
without individual intercepts. Then a type of caliper propensity matching was used to match 
3 cognitively-intact patients to every cognitively-impaired patient and to every dementia 
patient. Using this 3-1-1 matching technique, a total of 230 community-dwelling patients, 
including 138 cognitively-intact, 46 cognitively-impaired and 46 demented patients, were 
selected as study participants.
Data analysis
The objective of the study was to determine if the capacity to perform oral hygiene mediates 
the association between cognitive impairment and dental caries (Figure 1). Evidence shows 
that cognitive impairment, functional loss and dental caries are intercorrelated12-14, 23-25, 30. 
From a clinical perspective, loss of oral care function is more likely to be a result, rather 
than a cause, of cognitive impairment among cognitively-impaired persons. Therefore, in 
theory, loss of oral self-care ability may serve as a mediator in the pathway between 
cognitive impairment and dental caries in older adults with cognitive impairment. To test 
our hypothesis, univariate analyses were first completed to examine the associations among 
cognitive impairment, capacity to perform oral hygiene and dental caries severity. 
Significant intercorrelations were found among these three factors. Multivariable analyses 
were then conducted to test the mediating effect of functional impairment on the relationship 
between cognitive impairment and dental caries severity. Two negative binomial models 
were developed for this purpose. The first model examined the impact of cognitive 
impairment on the outcome of interest, number of carious teeth or retained roots, without 
considering the capacity to perform oral hygiene. The baseline model started with cognitive 
status, age, genderand other covariates (Table 2). The second model examined the 
association between cognitive impairment and the number of carious teeth or retained roots 
while adjusting for the capacity to perform oral hygiene and the covariates. Covariates with 
P values greater than 0.05 were removed during model selection, given that removing these 
variables did not substantially change the coefficients of the exposures of interest.
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The propensities and actual data analysis were completed using SAS 9.2. Propensity score 
matching was conducted using MATLAB 7.4.
Results
Characteristics of the study participants
The mean age of this population was 72.9 years. Patients with cognitive impairment but no 
dementia (CIND, mean age=78.3) and patient with dementia (mean age=79.3) were older 
than the normal group (mean age=71.6, P<0.001). About two-third of the patients in each 
group were female (P=0.95). Seventy-two percent of the patients in the CIND group had 
dental insurance, significantly higher than those in the normal group (57%) and demented 
group (57% and 45%, respectively, P=0.02).
Correlation between cognitive impairment and oral self-care capacity
The univariate analysis revealed that cognitive status was associated with capacity to 
perform oral hygiene (Table 1). The vast majority of the patients in the normal group were 
capable of performing oral hygiene independently. A considerable proportion of the patients 
with cognitive impairment (43% in CIND group and 66% in dementia group) needed 
supervision/help to maintain oral hygiene, significantly higher than that of the normal group 
(P<0.001).
Correlation between cognitive impairment and dental caries severity
Dental caries severity was significantly associated with cognitive impairment. Regardless of 
dementia, caries were highly prevalent in community-dwelling participants with cognitive 
impairment. On average, the patients in the CIND and dementia groups had 6.1 and 5.5 teeth 
with caries or retained roots at arrival, respectively, which were significantly higher than 3.3 
in the normal group (P<0.001). Further analysis shows that 42.9% of the patients in the 
CIND and 37.3% of the patients in the dementia groups arrived with at least 5 carious teeth 
or retained roots, remarkably higher than that of the normal group (25.1%, P=0.01).
Correlation between oral self-care capacity and dental caries severity
Meanwhile, the capacity to perform oral hygiene was also significantly associated with the 
outcome of interest, number of carious teeth or retained roots. On average, elderly patients 
who needed help on oral hygiene had 6.7 carious teeth or retained roots, twice of that among 
functionally independent patients (mean=3.3, P<0.001).
Multivariate analysis of the intercorrelations among cognitive impairment, oral care 
capacity and dental caries severity
Multivariate analyses were also completed to study the intercorrelations among cognitive 
impairment, oral care capacity and dental caries severity (Table 2). Model 1 shows that 
while the capacity to perform oral hygiene was not included in the model, cognitive status 
was significantly associated with the outcome of interest, number of carious teeth or retained 
roots, in the community-dwelling participants after adjusting for age, gender and other 
covariates. Participants in the CIND and dementia groups had 1.7 (95% CI: 1.13, 2.46) and 
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1.8 (95% CI: 1.23, 2.70) times more likely to have a carious tooth or retained root, 
respectively, than the normal group. While the capacity to perform oral hygiene was 
adjusted for, this association was no longer significant. On the other hand, participants who 
lost their ability to perform oral hygiene had 1.7 (95% CI: 1.15, 2.44) times greater risk of 
having a carious tooth or retained root than those who were self-sufficient. These results 
clearly demonstrate that the capacity to perform oral hygiene mediated the relationship 
between the cognitive impairment and dental caries severity.
Discussion
The present study examined the intercorrelations among cognitive function, capacity to 
perform oral hygiene and dental caries severity in community-dwelling older adults. The 
results show that 1) cognitive status and capacity to perform oral hygiene was highly 
correlated; 2) they were both associated with dental caries severity; 3) without adjusting for 
the capacity to perform oral hygiene, cognitive status was significantly associated with 
dental caries severity, the amount of carious teeth or retained roots, after adjusting for other 
factors; however, 4) when the capacity to perform oral hygiene was adjusted for, the 
association between cognitive status and dental caries severity was insignificant. In turn, 
participants who lost their ability to maintain oral hygiene experienced a higher risk of 
having a carious condition than those who were self-sufficient. These findings suggest that 
an impaired capacity to perform oral hygiene may mediate the association between cognitive 
impairment and increased severity of dental caries in older adults with cognitive impairment.
Loss of ability to function, including oral self care function, is a common complication of 
cognitive impairment. Impaired capacity to perform oral hygiene may result from deficits in 
multiple cognitive domains. For example, procedural memory is a type of long-term 
memory of how to execute the integrated procedures involved in both cognitive and motor 
skills37. When impaired, patients may lose their ability to brush teeth, a skill that is 
developed through learning and practice in early life. Executive function, a cognitive ability 
that involves the planning and execution of goal-directed behaviors, abstract reasoning, and 
judgment38, is highly associated with dental self-care39-41. Impaired executive function 
compromises the ability to initiate, plan, sequence and carry out complex tasks such as 
brushing teeth or following instructions to remove and clean dentures at bedtime, resulting 
in poor oral hygiene and an increased risk of oral disease. Additionally, individuals with 
apraxia —inability to perform a purposeful movement— may also experience difficulties in 
performing oral hygiene, despite having the physical strength and intellectual thought and 
desire to do so42. As a result of these multiple cognitive domain deficits, older adults with 
cognitive impairment gradually lose their oral care capacity, resulting in poor oral and/or 
denture hygiene.
Diminished oral hygiene, together with a lack of sufficient caregiver support and lack of 
regular dental care, increases the risk of dental caries in cognitively-impaired patients. As a 
result, dental caries are highly prevalent in older adults with functional 
impairment24,26,28-30. Evidence shows that among community-dwelling older adults with 
dementia, coronal and root surface caries experiences were significantly higher in 
participants with more functional dependency and those who needed assistance with oral 
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hygiene care24. A similar finding was also revealed in the present study. Regardless of 
cognitive impairment, elderly patients who needed help with oral hygiene had 6.7 carious 
teeth or retained roots, nearly twice that of those who were self-sufficient. After adjusting 
for cognitive impairment and other factors, participants who needed help or supervision on 
oral hygiene had 1.7 times greater risk of having a carious tooth or retained root than those 
who were self sufficient. This evidence confirms that dental caries are highly associated 
with functional impairment. It also suggests that for those who lost their ability to 
sufficiently maintain oral hygiene, individualized oral hygiene care plans and caregiver 
training programs corresponding to the patient's functional capacity and level of support 
should be developed to improve oral hygiene. Additionally, an effective prevention care 
plan including a shorter dental recall interval, use of fluoride, and management of 
xerostomia should also be considered to prevent dental caries for these high-risk patients.
The present study was based on existing data that was originally collected for patient care 
purpose. The overall quality of these data might be questionable. However, the study clinic 
was a university-affiliated training clinic. A standard protocol had been established to ensure 
quality of care. As a part of routine care, patient's medical history was routinely verified by 
dental providers during comprehensive new patient assessments. Telephone calls to patients' 
physicians or nurse practitioners were typically initiated if questions or concerns arose 
during this process. Additionally, all clinical assessments including medical history, dental 
charting and radiographs and treatment plans were required to be reviewed and approved by 
one of two geriatric faculties who had substantial experience in caring for geriatric patients 
with special needs. This standard protocol applied to all the patients who received dental 
care in this clinic. Since all the information required for treatment planning needed to be 
readily available prior to review, this protocol also reduced chances of missing data and 
improved the data quality. For these reasons, we were able to include the records of all 600 
community-dwelling patients in the analysis.
However, given that multiple dental providers were involved in patient care during the study 
period and that no interexaminer calibration was possible, the lack of a uniform criterion in 
caries assessment was one of the major limitations in this study. To address the potential 
variations in recording the existing dental conditions, we carefully reviewed the records of 
comprehensive oral exams and verified the caries lesions with radiographs of the patients 
during data collection. Dental caries and retained roots were then grouped together using 
one variable, number of carious teeth or retained roots. While this approach was helpful to 
minimize the potential variations in recording caries and associated conditions, it did not 
address the issue of misdiagnoses resulting from the lack of uniform criterion in caries 
detection. In general, due to lack of cooperation, caries assessment is usually more difficult 
and less accurate in patients with cognitive impairment than those without cognitive 
impairment. If this assumption held true here, the caries severity in the study participants 
with cognitive impairment could be under-estimated.
Another major limitation of this study was associated with the exposures of interest, 
cognitive impairment and capacity to perform oral hygiene. Cognitive and oral self-care 
functional assessments were abstracted from dental records; therefore, the reliability and 
accuracy of this data were questionable. To evaluate the quality of cognitive assessment, we 
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conducted two validation studies. First, we evaluated the quality of these assessments using 
the data of nursing home (NH) residents with dementia who received care in the study 
clinic. NH residents were selected because the diagnoses of dementia of these patients were 
established by their physicians, geriatricians and neurologists and were fairly reliable. This 
internal validation found that the dentists in the study clinic were able to identify 97% of the 
NH patients with a diagnosis of dementia, indicating an acceptable reliability of this 
assessment. In addition, we also compared these assessments with existing literature. Based 
on the dental records, 75% of the NH participants were considered cognitively impaired. 
This finding was comparable to the results of the 2011 Alzheimer's Disease Facts and 
Figures report, which indicated 70% of Minnesota NH residents have cognitive 
impairment43. This evidence shows that the cognitive assessments available in the existing 
dental records were fairly reliable.
Assessment of oral self-care function was also not based on a standardized instrument. 
Currently, there is no instrument available to assess dentally-related function in older adults 
with cognitive impairment. Although multiple instruments44-51 are widely used in geriatric 
practice for cognitive or functional assessment, they are not designed to be used in a dental 
environment. Due to the lack of a suitable instrument, self- or proxy-reported functional 
assessment, together with clinical assessment on cognitive status, physical function, level of 
cooperation to care and oral/denture hygiene status, are used collectively in clinical practice, 
including the study clinic, to evaluate oral self-care ability in cognitively-impaired patients. 
Although these assessments were not based on standardized instruments, given that oral/
denture hygiene status was factored into the assessment, we are confident that the approach 
used to assess the capacity to perform oral hygiene care was acceptable. However, since 
there was no uniform standard used during the assessment, variation might present between 
examiners, which was one of the major limitations of this study.
Conclusion
The present study shows that while cognitive impairment and capacity to perform oral 
hygiene were both associated with the number of carious teeth or retained roots, cognitive 
impairment became insignificant when oral care capacity was adjusted for, indicating 
capacity to perform oral hygiene care mediate the association between cognitive impairment 
and dental caries severity among cognitively-impaired patients.
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Figure 1. Conceptual framework of the mediating effect of oral self-care function on the 
association between cognitive impairment and dental caries severity
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